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(54) Improved ventricular catheter with reduced size connector and method of use 



(57) A sensing and drainage catheter (1 0) for use in 
a cranial site includes a reduced diameter connector so 
that traditional tunneling techniques may be used with 
the connector-equipped proximal end of the catheter, 
rather than the sensor-equipped distal end of the cath- 
eter. The catheter includes a drainage lumen (16) and 
a signal conducting lumen (18). The signal conducting 
lumen (18) including a distal sensor (26) for sensing the 
properties of cerebral spinal fluid and means for trans- 
mitting data signals representing those properties in ei- 



ther optical orelectrical form to a reduced diameter con- 
nector (28) attached to the proximal end of the lumen. 
A method comprises first accurately locating the distal 
end of the ventricular catheter in the brain ventricle prior 
to the catheter being tunneled under the scalp. Thecon- 
neclor end of the catheter is then tunneled or threaded 
through a subdermal tunnel, and is then coupled to a 
counterpart connector for communication of the sensor 
signals to a monitor, and the drainage lumen is coupled 
to a bag for receiving excess CSF. 
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Description 

BACKGROUND 

[0001] The invention generally relates to an Improved 
catheter and a method for treating conditions ofthe brain 
area and, more particularly, to an improved ventricular 
catheter adapted for placement in a subdemnal tunnel, 
and a method for sensing physical parameters in the 
skull area with a ventricular catheter and placing the 
catheter in a subdemnal tunnel in an improved manner 
to expedite the subdermal placement procedure and to 
reduce the risk of infection. 

[0002] Head injuries, other pathologic neurological 
disorders and systemic diseases have been shown to 
cause acute swelling of the brain or an increase in the 
volume of cerebral spinal fluid {"CSF"). The so-called 
"closed-box" cranial vault restricts the amount of in- 
crease that can be tolerated before the increase in in- 
tracranial pressure poses a danger to the patient. The 
contents of the crania! vault are essentially non-com- 
pressible and comprise approximately 80% brain, 10% 
CSF and 10% blood. An increase in one of the compo- 
nents requires a decrease in one or both of the others 
to accommodate the change. An increase in the brain 
or CSF may result in undue pressure on healthy tissue 
resulting in temporary or permanent disability to the pa- 
tient. Intracranial pressure sensors, catheters and 
shunts have been developed to mon itor and manage the 
treatment of these patients, either through the recording 
and manipulation of information from the sensor or 
through the shunting mechanism from a catheter in the 
ventricle. 

[0003] The intracranial pressure monitoring devices 
are introduced into the brain through an access hole in 
the skull. When placement in the ventricle is desired, the 
opening is appropriately close to the anterior horn of the 
lateral ventricle and the catheter and/or sensor is insert- 
ed through the access hole into the ventricular space. 
The pressure sensor in the distal end of the catheter 
conducts information via a cable in the catheter to an 
external monitor. Simultaneously, fluid maybe drained 
from the ventricle and collected in an external drainage 
bag or system to relieve pressure. The monitoring and 
management of the patient may be hours or many days, 
typically five to ten days. 

[0004] Because of the extended amount of time that 
the ventricular catheter must be positioned in the pa- 
tient, and because of the invasive nature of the proce- 
dure, another consideration is the increased risk of in- 
fection of brain tissue by pathogens entering through the 
skull opening or access hole. The presence of a direct 
pathway through the skulf access hole from an outside 
environment directly into the brain ventricle causes a 
substantia! risk of infection. To reduce this risk, a cath- 
eter placement technique referred to as subdermal tun- 
neling nas been developed. 

[0005] In the prior fluid-filled pressure sensing cathe- 



ter approach, a foil strain gauge or rosette of strain gaug- 
es is located at the proximal end of the catheter or within 
an apparatus outside of the catheter. The distal end of 
the catheter is inserted into the cranium and receives 

s fluid from the cranium in a lumen extending completely 
through the catheter to the proximal end. The fluid pres- 
sure in the catheter lumen acts on the surface to which 
the gauges are attached and the gauge or gauges pro- 
vide an electrical signal representative of the strain in 

10 the surface which can be correlated to pressure in the 
cranium. 

[0006] In this flu id-filled catheter approach, traditional 
orforward tunneling underthe scalp is typically used. A 
surgeon makes an incision, or first opening, in the pa- 
is tient's scalp exposing a portion of the skull overlying a 
ventricle of the brain. Subsequently, a twist drill access 
hole is formed through the skull exposing the interior of 
the cranial vault. Next, the distal end of the fluid-filled 
catheter is inserted into the twist drill access hole after 

20 which the proximal end of the catheter is connected to 
a sharp pointed tunneling instrument, such as a trocar 
or needle. The trocar is inserted under the scalp at the 
point of incision just proximal of the skull access hole 
and is advanced through the scalp to form a subdermal 

25 tunnel of typically five or more centimeters. The tun- 
neling instrument is pulled through the tunnel to exit the 
scalp at this exit opening. The proximal end of the cath- 
eter, which is attached to the end of the trocar, is also 
pulled through the tunnel and is then pulled taut in the 

30 tunnel. The surgeon then sutures the scalp over the skull 
access hole and overthetunnel entrance and exit there- 
by sealing the skull access hole and the scalp openings. 
[0007] The diameter of the tunnel Is kept as small as 
possible and is just larger than the diameter of the cath- 

35 eter that must be threaded through the tunnel. The small 
diameterof the tunnel contributes to lowering the risk of 
infection. It has been found that the subdermal tunnel 
technique substantially decreases the risk of intracranial 
infection by providing an elongate tunnel through which 

40 pathogenic organisms would have to pass before they 
could enter the cranial vault through the skull access 
hole. There is thus no direct pathway for contamination 
to enter the access hole. The tunneling technique has 
proven very successful. 

45 [0008] One of the drawbacks of a fluid filled catheter 
is that the pressure head created by the fluid column in 
the catheter must be subtracted from the pressure read- 
ings to get an estimate of the actual CSF pressure within 
the brain ventricle. The common use of oscillating beds 

so in head injury cases further complicates this problem by 
causing fluctuations in the fluid column. To solve the 
pressure measurement problem associated with fluid 
filled catheters, transducer tipped catheters that include 
sensors, typically strain gauges or optica! sensors, 

55 placed within the catheter's dista! end were developed. 
[0009] Transducer tipped catheters used in ventricle 
pressure sensing nave a transducer of an electrical or 
optica! nature located at the distal tip of the catheter, that 
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ls placed within the cranium of the patient. There is an ■ 
elongate shaft connecting the catheter's.dlstai end with - 
its proximai end. -Therproximal end of the catheterin- 
cludes a" connector that is used to connect the internal 
optical, or .electricalcpnductors to another connector fo- s 
cated on an intermediary cable or directly on an instru- 
ment for displaying the pressure sensed or other phys- 
ical parameter that has been sensed to the physician 
and nursing staff. Such connectors not only interconnect 
the signal communication line, but also provide a phys- 10 
ical device that locks the two connectors togetherto ap- 
ply the necessary pressu re to force the internal conduc- 
tor of one connector into good signal contact with the 
Internal conductor of the other connector, and so that 
they do not become inadvertently disconnected. Be- is 
cause of this locking device and other design parame- 
ters of prior connectors, they have been too large to fit 
within the small subdermal tunnel , discussed above. 
Therefore, transducer tipped catheters have been re- 
verse tunneled. : ■■ 30 
[0.010], Reverse tunneling is similarto traditional tun- 
neling except that the trocar is used to puncture the 
scalp at a location distal of the skull access hofeand is 
tunneled towards the sk'uiraccess' ; hb^'e' Yr6rfr the distal 
location. After formation of the subdermal tunnel, the 2s 
distal end of the catheter, which is smaller than the con- 
nector, is inserted into the second scalp opening (re- 
mote from the skull access- hole) and pulled through the 
tunnel to the scalp opening adjacent the skull access 
hole. The needed length of. catheter is pulled through 30 
the tunnel-in the direction of the skull access hole up to 
the point thatthe large connector or other device mount- 
ed jpjh.e catiielet - 3rt.n.ot be.pulled...farther,ar-helarge- 
connector will either, come. into contact- with- the distal 
scalp opening or, if partially pulled into the tunnel, will 35 
be preventedfrom further advancement due to its larger 
size as compared to the smaller diameter of the tunnel. 
The physician then positions the distal end of the cath- 
eter in the ventricle or other cranial location as desired 
and the catheter is fixed in the desired in-dwelfing posi- 40 
tion in the skull access hole. The excess catheter length 
is then pulled in the opposite direction through the tunnel 
in the direction of the distal scalp opening to make the 
catheter shaft taut, and the suturing of the scalp over 
the access hole and the tunnel openings may than oc- 



[0011] An example of such a transducer tipped cath- 
eter and the above-described technique of tunneling is 
shown in U.S. Patent No. 5,312,357 to Buijs eta), FIGS. 
2a through 2f in genera! show the prior method de- so 
scribed above. FIGS. 8a through 8h also show the prior 
method described- in addition to showing the typically 
large proximal- end connector of such catheters. 
[001 2] Although the use of ventricular catheters hav- 
ing a sensor or sensors located at their distal tips is ad- ss 
vantageeus in that such catheters provide direct read- 
ings of pressure or other physical parameters in the cra- 
nial area, the reverse tunneling technique required to 



use such catheters is disadvantageous in that the distal 
en d of the sensor, equipped catheter must pass through 
the subdermal tunnel- thereby exposing the distal tip to 
possible contamination with foreign- matter, pathogens 
or other infectious agents.- Any pathogens that may be 
introduced into the brain through the skuli access hole 
may create a subcranial infection with severe adverse 
consequences for thepatient Thus, great care must be 
taken with this prior tunneling method and as a result, it 
• is substantially less desirable than the traditional tun- 
neling method: 

[0013] In addition,, the above-described reverse tun- 
neling method-has been found to make it more difficult 
in many cases to locate the distal tip of the ventricular 
catheter in the proper position in the ventricle of the pa- 
tient. When the shaft of the catheter is already located 
in the subdermal tunnel, the remainder of the catheter 
shaft between the tunnel and the distal tip is restrained 
in its movement due tp the proximal end being, located 
in the tunnel. Even though the catheter, has been thread- 
ed through the- tunnel to provide as much slack as pos- 
sible for the distal end of the catheter, the fact that the 
proximal end of. the catheter is held, firmly in a fixed pp.. 
sition can act as a restraint on the physician's ability to 
maneuver the distal tip of the-ventricularcatheter during 
its placement in the patient's ventricle. As is well known 
to those skilled in the art, it takes a large amount of skill 
under the best circumstances to accurately place the 
ventricularcatheter in the correct position in the patient's 
ventricle without causing excessive trauma to the pa- 
tient. The added problem of having to deal with a re- 
strained proximal end of the -ventricular catheter re- 
quires an even greater level' of skill; The large size of • 
theconnectoratthe proximal end of the ventricular cath- 
> eter has made the aboveproblems occur. Increasingthe 
tunnel size so that the proximal end connector could it- 
self be pulled through the tunnel would defeat the anti- 
infection purpose of the tunnel. 

[0014] Furthermore, the above-described tunneling 
technique occurs before placement of the distal end of 
the catheter in the patient's cranium, thus delaying the 
stabilization of the patient. Using two catheters, one to 
first stabilize the patient while the second more perma- 
nent catheter is being tunneled, is undesirable due to 
exposing the patient to the increased trauma of two 
catheters and two access holes. It would be preferable 
to be-ableto Immediately relieve excess pressure on the 
patient's brain with the same catheter that will be tun- 
neled in the subdermal tunnel for location of the catheter 
shaft and thus lower the trauma to the patient. 
[001 5] Another area in which improvement is desired 
is in the process of threading the catheter through ihe 
subdermal tunnel. In some cases, needle-type devices 
are used to form the tunne! and as a result, tissue and 
blood are encountered by either the proximal end or the 
distal end of the ventricular catheter depending upon 
whether the catheter Is traditionally or reverse tunneled, 
It would be- desirable to insulate the ventricular catheter 
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from these possible contaminants as much as possible. 
Further, any device used in the tunneling should assist 
in threading the catheter through the tunnel so that the 
catheter is not crimped, stretched, or kinked in any way. 
As is well known, crimping, stretching, or kinking can 
damage internal componenls of the catheter, such as 
optical fibers or electrical conductors, making the cath- 
eter inaccurate or unusable. Various approaches at 
solving these concerns have been attempted, including 
a notch formed in a guide type device located in the tun- 
nel and in which the catheter is threaded. However, the 
notch is open and may accumulate contaminants. 
[001 S] Hence those skilled in the art have recognized 
a need for a catheter having a sensor or sensors located 
at its distal end, and that is small enough so that it may 
be placed in a subdermal tunnel but need not be first 
located in the tunnel prior to location in the patient's cra- 
nium. In addition, a catheter that can be tunneled in this 
way and that is able to both measure a biological pa- 
rameter or parameters within the cranium and provide 
for drainage of CSF when required, and having a small 
outer diameterfor reduced trauma to the patient is need- 
ed. Further, it is desirable that such a catheter be able 
to accept a stylet for use in placing the catheter in the 
correct position in the cranium, yet provide means to 
protectthe internal lumen or lumina of the catheter when 
exposed to the threading process through the tunnel. A 
need has also been recognized for a catheter and meth- 
od whereby a single catheter may be used for immedi- 
ately stabilizing the patient and may also be used for 
long term use, thereby obviating the need for two cath- 
eters and fortwo access holes. Further, a need has been 
recognized for a method of placing the catheter in the 
cranium of the patient first so that the patient may be 
stabilized as soon as possible, and then providing a tun- 
neling step for more long term location of the catheter 
shaft in a subdermal location. The present invention sat- 
isfies these needs and others. 

SUMMARY OF THE INVENTION 

[0017] " The present invention provides acatheter hav- 
ing proximal and distal ends, including a drainage lumen 
and a distal sensor for sensing a selected physical prop- 
erty or properties in the cranium of a patient and for 
transmitting signals representing those properties in ei- 
ther optical or electrical form to a miniaturized proximal 
connector at the catheter's proximal end. The miniatur- 
ized connector is configured to have a size such that it 
can be pulled through a subdermal tunnel by a tunneling 
instrument so that atraditionai or forward tunneling tech- 
nique may be used wrth the sensor-tipped catheter. A 
skull access hole that provides access to a ventricle of 
a patient's brain is formed, the catheter inserted in the 
access hole by the physician, and then the adjacent sub- 
dermal tunnel is formed. The proximal end of the cath- 
eter is then pulled through the subdermal tunnel while 
the distal end of the catheter remains in position In the 



access hole. 

[0018] In another aspect, the drainage lumen of the 
catheter, includes multiple ports in the distal end for re- 
ceipt of CSF and includes a drain port in the proximal 

5 end for drainage to a collection apparatus. The drain 
port and lumen also serve to receive a stylet for use in 
stiffening the catheter for initial insertion of the distal end 
of the catheter through the access hole and into the ven- 
tricle of the patient. The drainage/stylet lumen is termi- 

10 nated in the intermediate portion of the catheter body so 
that fluid must leave the lumen through the drainage/ 
stylet port. This prevents fluid internal to the catheter 
from reaching the proximal end of the catheter where 
the miniaturized connector is located. 

15 [0019] Generally, the present invention contemplates 
a method for placement of a catheter in a patient by first 
placing the catheter through an access hole created in 
the cranium, locating the catheter in a desired position 
within a ventricle of the brain, and then securing the ex- 

20 temal part of the catheter shaft within a subdermal tun- 
nel in the patient's scalp. In more detailed aspects, such 
a catheter may be used in measuring intracranial fluid 
characteristics by forming an incision exposing a region 
of the skull over a ventricle of the brain; creating a twist 

ss drill access hole through the skull having fluid pressure; 
placing the distal sensorequipped end of the catheter 
into the twist drill access hole; attaching the proximal 
end of the catheter to a tunneling instrument; using the 
tunneling instrument to form a subdermal tunnel from 

so the twist drill access hole to a point distal of the access 
hole, and forming a second opening with the tunneling 
instrument at the distal location; removing the tunneling 
instrument through the second opening and pulling the 
attached catheter taut thro ugh thesecondopenlng;con- 

35 necting the drainage lumen to a fluid collection appara- 
tus; and connecting the miniaturized connecter mount- 
ed at the proximal end of the catheterto an intermediate 
connector and thereby sensing CSF characteristics 
transmitted from the sensor equipped catheter. 

*o [0020] Thus the method and apparatus of the present 
invention provide a catheter having a sensor located at 
the distal tip of the catheter, having a drainage lumen, 
and a miniaturized connector at the proximal end of the 
catheter that allows the catheter to be forwardly tun- 

4s neled, thereby eliminating the possibility of distal tip con- 
tamination that may occur with reverse tunneling tech- 
niques. The miniaturized connector also removes a re- 
straint on the physician's ability to properly locate the 
catheter in the patient in that the proximal end of the 

so catheter is not placed in the tunnel prior to placement of 
the distal tip in the ventricle of the patient. In addition, 
the catheter of the present invention uses a single open- 
ing which serves to receive a stylet for placement of the 
catheter and as a drain port thereafter. 

55 [0021] Direct placement of the distal end of the cath- 
eter in the skull access hole without the need to first 
thread it through a subdermal tunnel in accordance with 
aspects of the invention eliminates the possibility ofcon- 
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taminatirrgthe distal end with foreign matter orinfectious 
agents, the primary weakness of the prior art, and per- 
mits the physician to accurately position the catheter in 
the patient without having the restraint of the proximal 
end of the catheter already located in the subdermal tun- s 
net, also a weakness of the prior art. 
[0022] Other features and advantages of the inven- 
tion will become more apparent from the following de- 
tailed description of preferred embodiments of the in- 
vention, when taken in conjunction with the accompa- 10 
nying exemplary drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023J is 

FIGURE 1 is a partial cut-away view of an intracra- 
nial catheter in accordance with aspects of the 
present invention showing an optical pressure sen- 
sor and drainage holes atthe distal end, a drainage/ 20 
stylet port formed along the intermediate portion of 
the catheter shaft, a drainage/stylet lumen that ter- 
minates in the intermediate portion of the catheter 
shaft, and a reduced diameter connector at the 
proximal end of the catheter shaft; 25 
FIG. 2 is a cross sectional view through lines 2-2 
of FIG. 1 , showing the lumina structure of the cath- 
eter of this embodiment and in particular, demon- 
strating a configuration where radial drainage holes 
spaced approximately 160 degrees apart in the so 
body of the catheter are interconnected by the 
drainage/stylet lumen, also showing a second lu- 
men used for optical fibers or electrical conductors, 
depending on the type of pressure sensor used at 
the distal end of the catheter, and also showing a 35 
tensile member; 

FIG. 3 is a side elevational view of a stylet member 
useable in conjunction with the intra-cranial cathe- 
ter of FIG. 1 , wherein the stylet would be positioned 
in the drainage/stylet port shown in FIG. 1 to assist 40 
the physician in properly locating the catheter in the 
ventricle; 

FIG. 4 is an enlarged perspective view of a reduced 
diameter male connector and a mating female con- 
nectorembodyingfeatures of the present invention, *s 
the male connector being the connector shown at 
the proximal end of the catheter in FIG, 1 , and the 
mating female connector being mounted on an in- 
termediate cable or instrument, for example: 
FIG. 5 is an enlarged perspective showing the male so 
and female connectors of FIG. 4 joined together so 
that optical or electrical signals, or both, are effi- 
ciently communicated from the sensor of the cath- 
eter, as shown in FIG. 1, to the proximal end of a 
cable or other device of which the female connector ss 
forms a part: 

FiG, S is an enlarged sectional view of FIG. 5 shew- 
ing the interconnection of the optical fibers of the 



8 

joined male and female connectors so that optical 
signals are efficiently communicated from the sen- 
sor of the catheter, as shown in FIG. 1 , to the prox- 
imal end of a cable or other device of which the fe- 
male connector forms a part; 
FIG. 7 comprises an enlarged profile view of an em- 
bodiment of a miniaturized male connector, for 
transmitting optical signals, embodying features of 
the present invention, and an end view of that con- 
nector; 

FIG. 8 is an enlarged profile view of an embodiment 
of a reduced size, miniaturized male connector, for 
transmitting electrical signals, embodying features 
of the present invention, and an end view of that 
connector; 

FIG. 9 is an enlarged profile view of an embodiment 
of a reduced size, miniaturized male connector, for 
transmitting both optical and electrical signals, em- 
bodying features of the present invention, and an 
end view of that connector; 
FIG. 10 is an enlarged perspective view of a protec- 
tive tunneling sleeve in accordance with the present 
invention for protecting the miniaturized proximal 
connector andcoveringthedrainage/stylet port dur- 
ing tunneling of the catheter; 
FIG.' 11 is an enlarged sectional view of the protec- 
tive tunneling sleeve of FIG. 10; 
FIG. 12 is an enlarged perspective view of a tun- 
neling instrument, in this case a solid trocar or nee- 
dle, suitable for use in forming a subdermal tunnel 
in accordance with the method of the present inven- 
tion, the trocar being shown in conjunction with the 
protective tunneling sleeve of FIG. 10; 
FIG. 13 is a view of a step of a method in accord- 
ance with aspects of the invention in which a cath- 
eter having a stylet inserted in the drainage/stylet 
port is being positioned above an access hole 
formed in the skull of a patient in preparation for in- 
sertion of the catheter into the ventricle, and further 
showing that the remainder of the catheter is unre- 
strained; 

FIG. 1 4 is a view of another step of a method in ac- 
cordance with aspects of the invention in which the 
distal end of the catheter has been properly posi- 
tioned in the patient's ventricle and has been fixed 
into position for long-term use, the protective sheath 
and the solid trocar have been attached to the prox- 
imal end of the catheter and are shown in position 
for forming a subdermal tunnel; 
FIG. 15 presents a view of a step of a method In 
accordance with aspects of the invention in which 
the solid trocar has been used to form the subder- 
mal tunnel in the patient's scaip, and has been 
drawn through the tunne! along with the proximal 
end of the catheter; 

FIG. IS presents yet another step of a method in 
accordance with aspects of the invention in which 
the sofid trocar and the protective sheath have been 
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removed from the proximal end of the catheter and 
the catheter has been pulled taut through the sub- 
dermal tunnel; 

FIG. 17 presents yet another step of a method in 
accordance with aspects of the invention in which 
the scalp has been sutured over the properly posi- 
tioned catheter, and the proximal end of the catheter 
has been connected to an intermediate cable which 
in turn has been connected to an instrument for 
analysis and display of pressure sensor signals, 
and a drainage bag has been connected to the 
drainage/stylet lumen of the catheter through use 
of a barbed connector located in the drainage/stylet 
port to drain CSF into the drainage bag; and 
FIG. 18 presents an alternative drainage/stylet port 
protective sleeve usable on the catheter shaft to 
coverthe drainage/stylet port and which can be slid 
along the shaft to uncover the drainage/stylet port, 
as desired. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] In the following description, like reference nu- 
merals are used to refer to like or corresponding ele- 
ments in the different figures of the drawings. Referring 
now to the drawings with more particularity, in FIGS. 1 
and 2 there is shown a catheter 1 0 that generally com- 
prises an elongate flexible body 11 having a proximal 
end 12 and a distal end 14 with a drainage/stylet lumen 
1 6 and a signal conducting lumen 1 8 located therebe- 
tween. The drainage/stylet lumen 16 includes near the 
distal end 1 4 rows of drainage apertures 20 that conduct 
fluid from the outer surface of the catheter body 11 to 
the drainage/stylet lumen 16, thereby placing the lumen 
16 in fluid communication with CSF when the distal end 
14 of the catheter 10 is placed within a ventricular cavity. 
The intermediate portion 21 of the catheter body 1 1 also 
includes a drainage/stylet port 22 in communication with 
the drainage/stylet lumen 16. The drainage/stylet port 
22 and drainage/stylet lumen 1 6 may receive a stylet 24 
such as that shown in FIG. 3, that aids in insertion of the 
distal end 14 of the catheter 1 0 within a ventricular cav- 
ity, as is discussed in relation to FIG. 13 below in more 
detail. The port 22 is located in the intermediate portion 

21 of the catheter body 11 between the distal end 14 
and the proximal and 12 at a location spaced from the 
distal end 14 such that the distance between the distal 
end and the- port 22 is less than the length of the stylet. 
[0025} The drainage/stylet lumen- 1 6 terminates within 
the catheter body 1 1 at a location 23 proximal to the port 

22 as shown in FIG. 1 but distal to the proximal end 12. 
At that point the lumen is closed 23. Therefore, the oniy 
access to the lumen 1 6 is through the drainage aper- 
tures 20 at the distal end and the drainage/stylet port 22 
located in the intermediate portion of the catheter body 

t jr*~<- n IS terminates 

before the proximal end of the catheter 1 2. fluid received 



by the drainage holes 20 will not be in the vicinity of the 
proximal end 12 of the catheter 1 0 where the signal con- 
nector is attached. This lessens the possibility that CSF 
or other fluid will contaminate the connector. 

s [0026] After the installation of the catheter 10 In the 
ventricle and after it has been placed in the scalp tunnel, 
as discussed in more detail below, the drainage/stylet 
port 22 may be fitted with a fluid connector to facilitate 
coupling the drainage lumen 16 to a separate fluid col- 

10 lection vessel or apparatus, such as a bag. In this man- 
ner, CSF may be drawn in the proximal direction through 
the drainage apertures 20, through the drainage/stylet 
lumen 16, and out of the fluid connector at the drainage/ 
stylet port 22. 

15 [0027] The signal conducting lumen 18 in this embod- 
iment houses a pressure sensing and transmitting ap- 
paratus 26, that is operative to sense pressure at a lo- 
cation within the cranial cavity. In this embodiment, the 
apparatus comprises an optical pressure sensor 26. 

20 Connected to the pressure sensor 26 is an optical fiber 
(not shown) that is disposed in the signal conducting lu- 
men 18 such that data signals from the sensor 26 are 
transmitted by the optical fiber through the lumen 1 8 to 
a miniaturized male connector 28 that is attached to the 

25 proximal end 1 2 of the catheter body 1 1 . The signal con- 
ducting lumen 18 may include a fiber optic cable for the 
transmission of data signals in the form of modulated 
light from the pressure sensor 26 to the male connector 
28 as mentioned above or the lumen 1 8 may include an 

30 electrical conductor for the transmission of modulated 
electrical signals from the sensor 26 to the male con- 
nector 28, depending on the sensor used or the lumen 
may house both electrical and optical conductors. The 
reduced diameter or miniaturized male connector 28 

35 may be connected to a mating female connector 30 as 
shown in FIG. 4 for connection to an external pressure 
monitor or other device operative to provide a discern- 
able pressure reading. 

[0028] Referring in particular to FIG. 2, the catheter 

to 10 of this embodiment also includes a tensile member 
31 . In an optical embodiment of the catheter 10, that is, 
where the catheter contains an optical fiber or fibers, the 
fragility of the optical fibers that reside in the signal con- 
ducting iumc-n 1 8 may make it desirable to include a ten- 

45 site member 31, such as a wire, within the body 11 of 
the catheter to prevent the optical fiber from becoming 
stretched in a manner that could result in its breakage. 
However, the tensile member 31 may not be included in 
embodiments of the device wherein the pressure sensor 

50 26 and the signal conductor are other than optical, e.g., 
electric. The tensile member is formed of a biocompat- 
ible material such as stainless steel, an aramid such as 
Kevlas®, MP 35N, a shape memory material, or other 
materials that exhibit any or all of the characteristics of 

55 being radiopaque, imageabte, non-ferro-magnetic, flex- 
ible, and h gtl in one embodi- 
ment, the tensile member is ccextruded into the wail of 
the catheter as the catheter body 11 is manufactured. 
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[0029] In the case where no tensile member is used, 
such as in the case where electrical conductors are used 
in the catheter body, markers may be placed in the cath- 
eter body. These markers are radiopaque to assist in 
locating the catheter In the patient. Various marker ar- 
rangements may be used, such as a longitudinal stripe 
coextruded in the catheter body wal! along the entire 
length of the catheter. In another, marker bands maybe 
embedded in the distal region of the catheter. In yet an- 
other arrangement, filler material such as barium sul- 
fate, may be inserted in the distal tip of the catheter. 
Markers may also be printed on the catheter distal re- 
gion or elsewhere. 

[0030] Also shown in FIG. 2 are two drainage holes 
20. Considering FIGS. 1 and 2 together, in this embod- 
iment, there is an array of drainage holes comprising 
two rows which are spaced apart by an arc of approxi- 
mately 160°. The separation may vary however, and 
more or fewer rows or other arrangements of drainage 
holes may be used. i 
[0031] Referring now in more detail to FIGS. 4 and 5, 
the miniaturized, or reduced diameter male connector 
28 is shown. This male connector 28 is also shown in 
FIG. 1 and includes an outer cylindrical engagement 



visual or tactile indicator. The alignment marker 44 will 
assist in more rapidly locating the alignment groove 34 
into the boss 36. 

[0034] The male and female connectors 28 and 30 
may be adapted to transmit either optical data signals 
or electrical data signals or both electrical and optical 
signals depending on the sensor 26 and other device or 
devices used in the catheter; In the fiber optic embodi- 
ment, the connectors 28 and 30 both contain optical fib- 
ers and the connectors are keyed to each other such 
that the optical fiber ends will have abutting frusto-con- 
ical surfaces formed at the appropriate angle to each 
other in accordance with manufacturer's specifications. 
However, in another embodiment, such as where the 
ends of the optical fibers are spherical in shape, no par- 
ticular relative alignment of the male and female con- 
nectors may be required. However, if electrical contacts 
exist, a particular alignment will likely be necessary. 
[0035] Referring to FIGS. 6 through 9, various con- 
nector embodiments are shown. FIG. 6 presents a 
cross-sectional view of FIG. 5, In FIG. 6, a male con- 
nector 28 is shown interconnected with a female con- 
nector 30. The female connector 30 includes the locking 
finger 40, which is a locking device, that has engaged 



h2S*!2^« SlhS V 'l hB engagemert b0 5, 32 35 the <° ckin 9 groove 38 formed in the male connector28. 

As is apparent from the side view of this figure, the male 
connector 28 has been miniaturized and is much smaller 
in diameterthan the female connector 30. The outer por- 
tion of a locking device, in this case the locking finger 
so 40, is located on the female connector 30 while inner 
portion of a complementary locking device, in this 



is dimensioned such that it is the same size or is smaller 
than the diameter of a subdermal tunnel through which 
it is to be threaded (shown in FIG. 15 and discussed 
below). In a particularly preferred embodiment, the en- 
gagement body 32 is dimensioned to be slidably re- 
ceived within a subdermal tunnel having a diameter of 
less than about 1 0 French and preferably 5 to 9 French. 
[0032] The engagement body 32 of this embodiment 
further includes an alignment groove 34 that slidably en- 
gages an alignment boss 36 located on an internal sur- 3 
face of the female connector30. The alignment groove 
34 and alignment boss 36 assist in aligning the two con- 
nectors 28 and 30 as they are connected together and 
eliminate the possibility of connector misalignment. In 
another embodiment, alignment devices such as the * 
groove 34 and boss 36 may not be necessary and no 
particular alignment may be required. The engagement 
body 32 also includes a locking groove 38 that is en- 
gaged by a locking finger 40 disposed on the female 
connector. In addition, a pair of finger grips 42 and an 41 
alignment marker 44 are provided for ease in manipu- 
lating the male connector 28 into the mating female con- 
nector 30. The male connector 28 is fully seated within 
the female connector 30 when the locking finger 40 en- 
gages the locking groove 38. The embodiment shown so 
in FIGS. 4 and 5 includes a sliding lock ring 50. Once 
the locking groove 38 has engaged the locking finger 
40, a sliding lock ring SO on the female connector 40 is 
slid forward over the locking finger 40 and (hereby pre- 

ener fee jemant of me connecters ?8 55 

and 30. 

[0033} The alignment marker 44 may comprise a 
raised bump, a depression, a color indication, or other 



a recess or groove 38, is located on the male connector 
28. This arrangement contributes to maintaining the 
male connector with a reduced diameter. The spring 
loading 68 of the optical fiber 70 and any other devices 
that may increase a connector size are included in the 
female connector 30. This approach permits the small- 
est size male connector possible so that the male con- 
nector 60 may be pulled through a subdermal tunnel. 
[0036] The embodiment of FIG. 6 does not include the 
sliding looking ring 50 shown in FIGS. 4 and 5 as it was 
found to not be necessary in this embodiment. If it were 
needed, it is likely that it would be located on the female 
connector 30 as in the embodiments of FIGS. 4 and 5 
so as to keep the diameter of the male connector 28 at 
a reduced size. 

[0037] Referring now to FIGS.. 7. 8, and 9, different 
male connectors are shown. FIG. 7 presents an optical 
connector 76 with the optical fiber 78 located at the cent- 
er of the connector, as in FIG. 6. FIG. 8 presents an elec- 
trical connector 79 with four electrical pads 80 located 
circumferenfially around the connector mating surface. 
FIG. 9 shows a combination optical/electrical connector 
S2 having both an optical fiber 78 and electrical pads 
80. Other arrangements of the electrical pads and ooti- 
cai fiber are possible. 

[0038] Referring again ro FIG. 1. typically, the pres- 
sure sensor 26 wtl} be mounted within the signal con- 
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ducting lumen 18, at the distal tip 86 of the catheter 10 
so astosense pressure atthat location. Generally, when 
the pressure sensor 26 is located on the distal tip 86, 
the catheter 1 0 may be used to provide a reading of the 
CSF pressure ortissue pressure within a ventricle of the 
brain. The pressure sensor 26 may comprise a small 
optical-type pressure transducer. The choice of sensor 
26 dictates the signal conducting means of the signal 
conducting lumen 18, i.e., either a fiber optic cable is 
used where an optical sensor is used or an electrical 
cable or cables are used in the case of an electrical sen- 
sor. In the optical embodiment, the proximal connector 
28 will comprise an optical connector operative to con- 
nect the optical fiber that forms the signal conducting 
lumen 1 8 to an external pressuremonitor or other device 
operable to receive optical indicia of pressure and to 
convert such optica! indicia of pressure into discernable 
pressure readings. 

[00391 Although shown as having two lumina in the 
figures herein; i.e., a drainage/stylet lumen 1 S and a sig- 
nal conducting lumen 1 8, fewer or more lumina may be 
used. For example, a single lumen may be used. In a 
single lumen case, a sensor located at the distal tip of 
the catheter may be used with the single lumen housing 
the conductor or conductors of the distal sensor that pro- 
ceed to the proximal end of the catheter and the drain- 
age holes would also communicate with that same lu : 
men. In the case shown in the accompanying drawings, 
the tensile member 31 was located entirely within the 
catheter body wall during the coextrusion process. How- 
ever, in the case of a tensile material that can not be 
coextruded, a tensile member lumen may be formed in 
the catheter and the tensile member threaded through 
that lumen. Such a tensile member can be anchored at 
the distal end of the catheter through the use of adhesive 
or other means. 

[0040] Referring now to FIGS. 10, 11, and 12, a pro- 
tective tunneling sleeve 90 is shown. The tunneling 
sleeve 90 comprises a proximal end 92 and a distal end 
94. The proximal end is used to receive the male con- 
nector 28 of the catheter 1 0 and has a chamber that is 
completely closed 96 within which the connector resides 
during the time that it is pulled through the scalp tunnel, 
as will be described below in more detail. The sleeve 90 
aiso includes a gripping device 98 taking the form of two 
opposed fingers that secure the sleeve on the catheter 
body 11, as shown in FIG. 12. The gripping fingers 38 
are spaced apart by a distance that is less than the di- 
ameter of the catheter body 11 and thus secure the body 
11 in relation to the sleeve 90. 

[0041] The protective tunneling sleeve 90 also in- 
cludes a drainage/stylet port cover section 94 compris- 
ing the entire distal end 94 of the sleeve. The port cover 
section protects the drainage/stylet port 22 as it is being 
drawn through a scalp tunnel so that contaminants do 
not enter the port 22. The distal section 94 of the pro- 
tective tunneling sleeve 90 has an inner diameter that 
is larger than the diameter of the connector and catheter 
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body so that the sleeve may be slid over the catheter 
body and into place. The sleeve 90 also includes a tun- 
neling instrument opening 1 00 for receiving the barb or 
other connecting device of a tunneling instrument, such 

5 as a solid trocar, so that the sleeve 90 and its secured 
catheter 10, may be pulled through a scalp tunnel. Such 
a combination is shown in FIG. 1 2 where the solid trocar 
or needle 102 is shown with a proximal end barb 104 
that is pressed into the instrument opening 1 00 of the 

10 sleeve 90. Although exaggerated for clarity of illustration 
in FIG. 1 2, the trocar may have a bend 1 06 of only ap- 
proximately 5°. 

[0042] As is apparent from reviewing FIG. 12, the di- 
ameter of the trocar 1 02 is less than the diameter of the 

15 protective tunneling sleeve 90 in this embodiment. Be- 
cause the protective tunneling sleeve 90 fits over the 
miniaturized connector 28 located on the proximal end 
of the catheter, the miniaturized connector and catheter 
body 1 1 are smaller in diameter than the protective tun- 

20 nelingsleeve 90. Thus, when used to locate the catheter 
in asubdermal tunnel, as will be described in further de- 
tail below, the trocar is first advanced through the scalp 
to create a lead-in or pilot subdemnal tunnel. Because 
the protective tunneling sleeve 90 is connected to the 

25 proximal end of the trocar, it is also pulled into the tunnel. 
The tapered end 1 06 of the protective tunneling sleeve 
90 then operates to open the subdermal tunnel farther 
as the sleeve 90 is pulled through the trocar-created pi- 
lot tunnel. Thus, the miniaturized connector 28 is de- 

30 signed to be pulled through a subdermal tunnel and is, 
in this case, smaller than the diameter of the tunnel. 
There may be arrangements however in which the con- 
nector Is the same size as the tunnel. 
[0043] Afterthe protective tunneling sleeve 90 and its 

35 secured catheter have been pulled through a scalp iun- 
nel, the sleeve 90 may be removed from the catheter 1 0 
by pulling it hard enough to overcome the force of the 
gripping fingers 98 and sliding the sleeve 90 off the cath- 
eter body 1 1 and connector 28. The sleeve 90 may then 

40 be discarded. 

[0044] The protective tunneling sleeve 90 may be 
made of polyurethane, silicone, polyvinyl chloride, pol- 
yethylene, polypropylene, thermoplastic elastomers, or 
other similar materials known in the art. 

45 [0045] The preferred method of using the catheter 10 
and devices previously shown and described is shown 
in FIGS. 13. 14, 15, 16, and 17. Referring now to FIG. 
13 in more detail, an incision has been made in the scalp 
of ihe patient and an excess hole 110 through the pa- 

so tient's skull has been formed. The access hole 1 1 0 may 
be made by means known to those skilled in the art, in- 
cluding a twist drill (not shown). The stylet 24 has been 
inserted through the drainage/stylet port 22 and into the 
drainage/stylet lumen 1 6 of the catheter to stiffen the 

55 distal end 1 4 of the catheter during insertion into the pa- 
tent's ventricle. The catheter 10 will now he placed at a 
selected depth through the access hoie and into the ven- 
tricle. 
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[0046] It should be noted that the proximal end of the 
catheter 1 2 is unrestrained at this time. It is free to move 
about as the physician is inserting the distal end 14 into 
the precisely correct position in the ventricle. This unre- 
strained proximal end provides a distinct advantage 
over prior devices in that it permits the physician much 
more freedom of movement when placing the catheter 
10. It should also be noted that the protective tunneling 
sleeve is not present on the catheter at this time. The 
drainage/stylet port 22 must be open to receive stylet, 
thus the sieeve has been moved out of the way. 
[0047] In the embodiment shown in FIG. 14, the cath- 
eter 10 has been inserted in the patient's ventricle 
through the access hole 110 and the protective tun- 
neling sleeve 90 has been mounted over the proximal 
end of the catheter. Although not shown to scale so that 
the illustration will be clearer, the drainage/styiet port 22 
is not covered by the sleeve distal end 94. The solid tro- 
car 102 barb 104 has been inserted in the tunneling 
opening 100 of the sleeve and the trocar is being moved 
toward the access hole 1 1 0 to begin the process of form- 
ing a subdermai tunnel adjacent the access hole 11 0. 
[0048] Referring now to FIG. 15, the trocar 102 has 
been advanced completely through the patient's scalp 
to form a subdermai tunnel 112 of approximately five 
centimeters. The trocar was started just adjacent the ac- 
cess hole 110 creating a tunnel entry opening 114 and 
was advanced away from the hole creating a tunnel exit 
opening 116. The catheter 10 is now being pulled taut 
in the tunnel 112. Because this tunneling process is 
away from the access hole, it is considered to be the 
traditional or forward tunneling technique. Tunneling 
away from the access hole has distinct advantages in 
that contaminants from the subdermai tunnel are not di- 
rected toward the access hole, which is open to the cra- 
nial vault, but are directed away from the hole 110. This 
greatly improves patient safety. 

[0O49] Because of the use of the miniatu rized connec- 
tor 28 on the proximal end of the catheter 10, it may be 
pulled through the tunnel by the tunneling instrument 
and the traditional tunneling technique may be used. As 
described above, each feature of the connector 28 was 
selected to result in a reduction in size so that the con- 
nector can be used in the traditional tunneling tech- 
nique, A preferred diameter of the connector is 6 to 9 - 
French with both the catheter diameter and the connec- 
tor diameter being approximately She same. 
[0050} Referring now to FIG. 1 S, the catheter 1 0 has 
been pulled taut within the tunnel, the tunneling instru- 
ment removed from the proximal end of the catheter and = 
the protective tunneling sleeve has been removed from 
ine catheter. The scalp located over the access hole 
110. the entrance opening 1 14 and the exit opening 116 
may now be sutured in place covering the catheter, as 
shown in FIG. 1 7. This approach not only provides re- s 
sistance against the entry of pathogens and other infec- 
tious agents, but also is a - 

catheter at the access hole is not exposed to forces that 



may cause it to be dislodged. The catheter is thus pro- 
tected against attempted or inadvertent removal by a 
patient who is traumatized and who is moving nis head, 
or who is irritated by the catheter and desires its remov- 
s al, as sometimes happens with pediatric patients. It is 
also more aesthetically acceptable to relatives of the pa- 
tient in that the catheter and the access hole are cov- 
ered. This can provide a strong psychological advan- 
tage to the patient. 
io [0051] Referring further to FIG. 17, a fluid drainage 
apparatus 120, such as a flexible bag, to receive CSF 
is connected through a stopcock valve 122 by tubing 
124 to a connector 126 that may be fitted to the drain- 
age/stylet port 22 of the drainage/stylet lumen 1 6. The 
1$ connector in this embodiment comprises a barb that is 
somewhat larger than the port 22 to that it fits tightly into 
the port to channel the fluid to the stopcock 1 22 and bag 
120. Because the drainage/stylet lumen 16 is closed at 
a location just proximal to the port 22, the fluid will be 
?0 directed through the barb connector 1 26. 

[0052] Also in FIG. 1 7, a pressure monitoring appara- 
tus and display 128 is connected to an intermediate ca- 
ble 130 that includes on its distal end the female con- 
nector 30 described above. The female connector 30 is 
?s mated to the male connector 28 on the proximal end 1 2 
of the signal conducting lumen 18, and thereby allows 
pressure sensor information to be conducted through 
the signal conducting lumen 1 8 to the pressure sensor 
monitor 128. 

30 [0053] After completion of the surgical procedure, and 
connection of the catheter 1 0 to the pressure monitoring 
apparaius 128 and the drainage apparatus 124, the 
pressure monitor 128 will provide continuous monitoring 
of the Intracranial pressure at the distal end 14 of the 
35 catheter 1 0. When it is determined that the intracranial 
pressure has risen to an undesirable level, CSF may be 
removed from the intracranial space by use of the stop- 
cock 122 and fluid drainage apparatus 120. 
[0054] Although a tunnel was made and the catheter 
to 10 was directly pulled through the tunnel, other ap- 
proaches may be used. For example, a working tunnel 
may initially be installed. In this case, the tunneling in- 
strument 102 may be coupled to a hollow tunneling 
sheath (not shown) and the sheath pulled into the sub- 
's derma! tunnel made by the instrument 1 02. After the tun- 
neling sheath is in position in the tunnel made by the 
instrument 102, the instrument 1 02 is disconnected from 
the sheath while the sheath is in position. The sheath is 
then trimmed to a length of approximately one io two 
0 centimeters at each end beyond the end of the tunnel. 
The sheath then will keep the tunnel open so that vari- 
ous devices and instruments, including the miniature 
connector 28 may be threaded through it as needed. 
The maie connector 28 would in this case also be small-' 
> er than the subdermai tunnel. 

[0055] Referring now to FIG. 1 S, an alternative drain- 
age/stylet port 2 protection sleeve 136 is shown. This 
sleeve 136 is siotted 138 for ease in sliding the sleeve 
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along the body of the catheter. The thickness of the 
sleeve and the width of the slot are selected to control 
the amount of pressure the sleeve 136 exerts against 
the body of the catheter and therefore the ease with 
which It may be slid. In such an embodiment, the pro- s 
tective tunneling sleeve 90 would not extend to the port 
22 but would only cover the connector28. In a preferred 
embodiment, the sleeve 136 was formed of PTFE, al- 
though other materials may be used. Having a slot 1 38 
also permits complete removal of the sleeve, if desired, <° 
The sleeve 136 of this embodiment may be formed of 
PTFE, polyethylene, polypropylene, orothersimilarma- 
terials known in the art. 

[0056] Although the drawings show an intracranial 
pressure sensor used at the distal tip of the catheter for 15 
sensing a biological parameter, and such is discussed 
in detail above, other types of sensors may be usable 
in such a catheter for sensing biological parameters. For 
example, atemperature sensormay be used, an oxygen 
measurement sensor may be used, and possibly others. 20 
[0057] It should also be noted that the configuration 
of the catheter and the method of the invention permits 
drainage of fluid from the patient immediately upon po- 
sitioning the catheter 10 in the ventricle. This drainage 
need not cease while the tunnel is being created be- 25 
cause a traditional tunneling technique, i.e. away from 
the access hole, is used. This is especially true in the 
case where the slotted sleeve 136 of FIG. 18 is used. 
The sleeve 136 may be slid off the drainage/stylet port 
22 until the last second before the port is pulled into the 30 
subdermal tunnel. This provides a distinct advantage to 
the patient in that an interruption in fluid drainage is kept 
to a minimum. 

[0058] It will be appreciated that there has been pro- 
vided a new and useful ventricular catheter and method 35 
of use that minimizes the possibility of contamination of 
the catheter or intracranial region by foreign matter or 
pathogens during surgical implantation of the catheter. 
The catheter disclosed above and illustrated in the 
drawings includes asensor or sensors located at its dis- *o 
tal end and is small enough so that it may be placed in 
a subdermal tunnel but need not be first located in the 
tunnel prior to location in the patient's cranium. The dis- 
closed catheter can be tunneled in this way and is able 
to both measure a biological parameter or parameters *s 
within the cranium and provide for drainage of CSF 
when required, and has a small outer diameter for re- 
duced trauma to the patient. Further, the catheter can 
accept a stylet for use in placing the -tf.theter in the cor- 
rect position in the cranium, yetprovni means to protect so 
the internal lumen or lumina of the ^theter when ex- 
posed to the threading process through the tunnel. The 
catheter and method disclosed include a single catheter 
that may be used for immediately stabilizing the patient 
and is also usable for a long term, thereby obviating the ss 
need for two catheters and obviating the need for two 
access holes through she sku». Further, the disclosed 
method permits placing the catheter in the cranium of 



the patient first so that the patient may be stabilized as 
soon as possible, and then tunneling for more long term 
location of the catheter shaft in a subdermal location. 
[0059] While only the presently preferred embodi- 
ments have been described in detail, as will be apparent 
to those skilled in the art, modifications and improve- 
ments may be made to the device disclosed herein with- 
out departing from the scope of the invention. Accord- 
ingly, it is not intended that the invention be limited, ex- 
cept as by the appended claims. 



Claims 

1 . A method for accessing a site within the cranium of 
a patient, the method comprising the steps of: 

forming an access hole through the skull; 
introducing a catheter into the access hole, the 
catheter having a distal end and a proximal end 
with a sensor disposed at its distal end and a 
reduced diameter connector located at its prox- 
imal end, the reduced diameter connector 
adapted to conduct signals provided by the 
sensor; 

positioning the distal end of the catheter at the 
cranial site; and thereafter 
forming a subdermal tunnel with an entrance at 
a location adjacent the access hole and an exit 
at a location remote from the access hole; and 
threading the proximal end of the catheter in- 
cluding the connector into the entrance of the 
subdermal tunnel and out the exit of the sub- 
dermal tunnel. 

2. The method of claim 1 further comprising the steps 
of: 

connecting the connector to a tunneling instru- 
ment prior to threading the catheter into the en- 
trance, and wherein the step of forming the sub- 
dermal tunnel comprises the step of forming the 
tunnef with the tunneling instrument; and 
disconnecting the connector from the tunneling 
instrument after the connector has been pulled 
out the exit. 

3. The method of claim 1 further comprising the step 
of covering a drainage port formed in the catheter 
prior to the step of threading the catheter into the 
entrance. 

4. The method of claim 3 further comprising the slep 
of positioning a slatted sleeve over the drainage 
port to cover the port. 

5. The method of claim 4 further comprising the siep 
of sliding the slotted sieeve to cover and uncover 
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the drainage port. 

6. The method of claim 2 further comprising the steps 
of: 

mounting a protective tunneling sleeve over the 
connector; 

connecting the tunneling sleeve to the tun- 
neling instrument; 

threading the connector and the tunneling 
sleeve with the tunneling instrument; 
disconnecting the tunneling sleeve from the 
tunneling instrument after the connector has 
been pulled through the tunnel by the tunneling 
instrument. 

7. The method of claim 6 further comprising the step 
of covering a drainage port formed in the catheter 
with the protective tunneling sieeve prior to the step 
of threading the catheter into the entrance. 

8. The method of claim 2 further comprising the step 
of: 

mounting a protective tunneling sleeve overthe 
connector, the tunneling sieeve having a diam- 
eter greater than the connector and greater 
than the tunneling instrument; 
connecting the tunneling sieeve to the tun- 
neling instrument; and 

threading the catheter through the tunnel and 
increasing the size of the tunnel by pulling the 
tunneling sleeve and connector through the 
tunnel with the tunneling Instrument. 

S. The method of claim 1 further comprising the step 
of mounting a protective tunneling sleeve over the 
connector prior to thestep of threading the catheter 
through the tunnel. 

10. The method of claim 9 further comprising the steps 
of forming the final configuration of the subdermal 
tunnel with the tunneling sleeve. 

11. The method of claim 1 further comprising the step - 
of connecting a drainage lumen of the catheter to a 
fluid reservoirto drain fluid from the cranial site. 

12. The method of claim 11 wherein the step of connect- 
ing a drainage lumen of the catheter to a fluid res- t 
ervoir to drain fluid from the cranial site comprises 
connecting !he drainage lumen prior to the step of 
threading ihe catheter through the tunnel. 

13. The method of claim 11 wherein the step of connect- s. 
ing a drainage lumen of the catheter to a fluid res- 
ervoir to drain fluid from the cranial site comprises 
connecting the drainage lumen after ihe step of 
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threading the catheter through the tunnel. 

14. The method of claim 1 further comprising the step 
of connecting the connector to a monitor to display 

s signals from the sensor after the step of threading 
Ihe connector out the exit of the tunnel. 

15. The method of claim 1 wherein the step of forming 
a subdermal tunnel comprises the step of forming 

"> a subdermal tunnel with a diameter no greater than 
12 French. . 

16. The method of claim 1 wherein the step of forming 
a subdermal tunnel comprises the step of forming 

5 a subdermal tunnel with a diameter within the range 
of 6 to 9 French. 

17. The method of claim 1 further comprising the step 
of conducting optical signals through the catheter 

0 from the sensor to the connector. 

18. The method of claim 17 further comprising the step 
of connecting the optical signals at the catheter con- 
nector with an optical conductor in a compiementa- 

' ry connector when the catheter connector and the 
complementary connector are joined together. 

19. The method of claim 1 further comprising the step 
of conducting electrical signals through the catheter 

1 from the sensor to the connector. 

20. The method of claim 19 further comprising thestep 
of connecting the electrical signals at the catheter 
connector with an electrical conductor in a comple- 
mentary connector when Ihe catheter connector 
and the complementary connector are joined to- 
gether. 

21 . The method of claim 1 wherein the step of position- 
ing the distal end of the catheter at the cranial site 
comprises the step of inserting a stylet into the cath- 
eter to stiffen the catheter as it is positioned. 

22. The method of claim 1 wherein the step of introduc- 
ing a catheter having a reduced diameter connector 
located at its proximal end comprises introducing a 
catheter having a connector adapted to fit within a 
complementary connector, wherein the comple- 
mentary connector is larger than the catheter con- 
nector and the tunnel and is connected to the cath- 
eter connector after the step of threading the cath- 
eter connector but the exit of the tunnel. 

23. The method of cfaim22furthercomprising the steps 
of: 

connecting the catheter connector to the com- 
plementary connector outsioa the iunnel: and 
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connecting the complementary connector to a 
monitor to display signals from the sensor. 

24. The method of claim 23 further comprising the step 
of connecting a drainage lumen of the catheter to a 
fluid reservoir to drain fluid from the cranial site. 

25. The method of claim 22 wherein the step of intro- 
ducing a catheter having a connector adapted to fit 
within a complementary connector comprises the 
step of introducing the catheter with a mate connec- 
tor adapted to fit within a female complementary 
connector, wherein the female connector is larger 
than the catheter connector and the tunnel and Is 
connected to the male catheter connector after the 
step of threading the male catheter connector out 
the exit of the tunnel. 

26. The method of claim 25 further comprising the steps 



the tunnel with the tunneling instrument. 

30. The method of claim 28 further comprising the step 
of mounting a protective tunneling sleeve over the 
catheter connector prior to the step of threading the 
catheter through the tunnel. 

31 . The method of claim 28 furthercomprising the steps 



mounting a protective tunneling sleeve overthe 
catheter connector; 

connecting the tunneling sleeve to a tunneling 
instrument; 

threading the catheter connector and the tun- 
neling sleeve with the tunneling instrument; 
disconnecting the tunneling sleeve from the 
tunneling instrument after the connector has 
been pulled through the tunnel by the tunneling 
instrument. 



connecting the male catheter connector to the 
female complementary connector outside the 
tunnel; and 

connecting the female complementary connec- 
tor to a monitor to display signals from the sen- 



27. The method of claim 23 further comprising the step 
of connecting a drainage lumen of the catheter to a 
fluid reservoir to drain fluid from the cranial site. 

28. A method for accessing a site within the cranium of 
a patient, the method comprising the steps of; 

forming an access hole through the skull; 
introducing a catheter into the access hole, the 
catheter having a distal end and a proximal end 
with a sensor disposed at its distal end and a 
reduced diameter catheterconnector located at 
its proximal end, the reduced diametercatheter 
connector adapted to conduct signals provided 
by the sensor; 

positioning the sensor of the catheter at the cra- 
nial site; 

forming a subdermai tunnel with an entrance at 
a location adjacent the access hole and an exit 
at a location remote from the access hole; 
threading Ihe catheter connector Into the en- 
trance of the subdermai tunnel and out the exit 
of the subdermai tunnel. 

29. The method of claim 23 further comprisiag the steps 



connecting the connector to a tunneling in- 
strument pnof hr ; ; " connector 
into the entrance, and wherein ihe step of forming 
the subdermai tunnel comprises the step of forming 



32. The method of claim 28 further comprising the step 
of covering a drainage port formed in the catheter 
prior to the step of threading the catheter into the 
entrance. 

33. The method of claim 32 further comprising the step 
of positioning a slotted sleeve over the drainage 
port to cover the port. 

34. The method of claim 28 furthercomprising the step 
of connecting a drainage lumen of the catheter to a 
fluid reservoir to drain fluid from the cranial site. 

35. The method of claim 34 wherein the step of con- 
necting a drainage lumen of the catheter to a fluid 
reservoirto drain fluid from the cranial site compris- 
es connecting the drainage lumen prior to the step 
of threading the catheter through the tunnel. 

36. The method of claim 34 wherein the step of con- 
necting a drainage lumen of the catheter to a fluid 
reservoirto drain fluid fromthe cranial site compris- 
es connecting the drainage lumen after the step of 
threading the catheter through the tunnel. 

37. The method of claim 28 further comprising the step 
of connecting the catheter connector to a monitor 
to display signals from the sensor after the step of 
threading the connector out the exit of the tunnel. 

38. The method of claim 2B further comprising the step 
of conducting optical signals through the catheter 
from the sensor to the catheter connector. 

39. The method of claim 38 further comprising the step 

t came e con 

nector with an optical conductor in a compiementa- 
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ry connector when the catheter connector and ti 
complementary connector are joined together. 

40. The method of claim 28 further comprising the step 
of conducting electrical signals through the catheter $ 
from the sensor to the connector. 

41 . The method of claim 40 further comprising the step 
of connecting the electrical signals at the catheter 
connector with an electrical conductor in a compie- 10 
mentary connector when the catheter connector 
and the complementary connector are joined to- 
gether. 

42. The method of claim 28 wherein the step of posi- is 
tioning the distal end of the catheter at the cranial 
site comprises the step of inserting a stylet into the 
catheter to stiffen the catheter as it is positioned. 

43. The method of claim 40 further comprising the steps 20 



positioning a working sheath in thesubdermal 
tunnel prior to threading the catheter through 
the tunnel; and 

threading the catheter through the sheath; and 
threading the catheter connector into the work- 
ing sheath at the entrance of thesubdermal tun- 
nel and out the working sheath at the exit of the 
subdermal tunnel. 

i. A method for accessing a site within the cranium of 
a patient, the method comprising the steps of: 

forming an access hole through the skull; ; 
introducing a catheter into the access hole, the 
catheter having a distal end and a proximal end 
with a sensor disposed at its distal end and a 
reduced diameter catheterconnector located at 
its proximal end, the reduced diameter catheter 1 
connector adapted to conduct signals provided 
by the sensor; 

inserting a stylet into the catheter to stiffen the 
catheter; 

positioning the sensor of the catheter at the era- 
nial site; 

connecting the connector to a tunneling instru- 
ment; 

forming a subdermal tunnei with a tunneling in- 
strument with an entrance at a location adja- si 
cent the access hole and an exit at a location 
remote from the access hole: 
threading the catheter connector into the en- 
trance of the subdermal tunnel and out the exit 
> of the subdermal tunnel; 55 
connecting a drainage lumen of the catheter to 
a fluid reservoir to dram fluid from the cranial 



45. A ventricular catheter for measuring a selected bi- 
ological parameter in a cranial site and for being lo- 
cated in an adjacent subdermal tunnel, the tunnel 
having an entrance and an exit, the catheter com- 
prising: 

an elongated tubular body having a distal end 
and a proximal end; 

a sensor disposed at its distal end for measur- 
ing the selected biological parameter; 
a signal transmission device having a proximal 
end and a distal end, the transmission device 
being located within the tubular body, the distal 
end of the signal transmission device coupled 
to the sensor for transmitting sensor signals to 
the proximal end of the transmission device; 
a reduced diameter catheter connector located 
at the proximal end of the body and connected 
to the proximal end of the transmission device, 
the catheter connector having a diameter se- 
lected such that the catheter connector is 
adapted to be advanced through the subdermal 
tunnel, whereby the catheterconnector may be 
threaded into the entrance of the subdermal 
75 tunnel, through the length of the tunnel, and out 

the exit of the tunnel. 

46. The ventricular catheter of claim 45 wherein the di- 
ameter of the catheter connector is no greater than 

'° the size of the tunnel. 

47. Theventricularcatheterofclaim.45furtherinciuding 
a protective device located on the catheterconnec- 
tor and adapted to protect the catheter connecter 

5 during insertion into the tunnel. 

48. Theventricularcatheter of claim 47wherein the pro- 
tective device comprises a gripping device that con- 
tacts and secures the protective device to the body 

' such that as the protective device is pulled through 
a tunnei, the catheter is also pulled through the tun- 
nei by the protective device. 

49. The ventricular catheter of claim 48 wherein the 
gripping device comprises two opposed fingers that 
clamp the catheter body between them to secure 
the protective device to the body. 

50. The ventricularcatheterof claim 47 wherein the pro- 
tective device comprises a closed proximal end to 
seal the catheter connector against contaminants 
when the protective device is mounted to the body. 

51. The ventricular catheter of claim 47 wherein the 
body comprises a fluid drainage port; and 

me protective device further comprises a port 
cover section adapted to cover trie fluid port. 
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52. The ventricular catheter of claim 45 wherein the 
body comprises a fluid drainage port; and 

further comprising a slotted sleeve disposed 
on the body covering the drainage port. 

53. The ventricular catheter of claim 45 furthercompris- 
ing a tensile member located within the body, the 
tensile member adapted to resist stretching of the 
body. 

10 

54. The ventricular catheter of claim 45 wherein the 
body member includes a first lumen for containing 
the signal transmission device and a second lumen 
forthe drainage of fluid, the second lumen including 

an opening adapted to receive a stylet. « 

55. The ventricular catheter of claim 54 wherein the 
second lumen terminates within the body, and the 
opening is also adapted for receipt of a fluid con- 
nector to conduct fluid from the second lumen to a 20 
collection device. 

56. The ventricularcatheter of claim 45 wherein the sig- 
nal transmission device comprises an optica! fiber 
connected between the sensor and the catheter 2S 
connector for conducting optical signals, the cathe- 
terconnector adapted to conduct the optical signals 

to a complementary connector when connected 
with the complementary connector. 

. 30 

57. The ventricular catheter of claim 56 wherein the dis- 
tally mounted sensorcomprises a pressure sensor 
and the transmission device conducts optical sig- 
nals representative of pressure sensed by the pres- 
sure sensor to the reduced diameter catheter con- 35 
nector, 

58. The ventricular catheter of claim 45 wherein the sig- 
nal transmission device comprises an electrical 
conductor connected between the sensor and the *o 
catheter connector for conducting electrical signals, 
the catheter connector adapted to conduct the elec- 
trical signals to a complementary connector when 
connected with the complementary connector. 

59. The ventricular catheter of claim 45 wherein the re- 
duced diameter catheter connector has a size no 
greater than 1 2 French. 

60. The ventricularcatheter of claim 45 wherein the re- so 
duced diameter catheter connector has a size with- 
in the range of 8 to 9 French. 

61. The veniric'Jlar catheter of claim 45 wherein the 
connector comprises a male connector adapted to ss 

be coupled to a mating female connector that tonus 
part of an irviermediate transmission device, where- 
in signals are transmitted between the coupled con- 



nectors. 

62. A ventricular catheter for measuring a selected bi- 
ological parameter in a cranial site and for being lo- 
cated in an adjacent subdermal tunnel, the tunnel 
having an entrance and an exit, the catheter com- 
prising: 

an elongated tubular body having a distal end 
and a proximal end; 

a fluid drainage port disposed in the tubular 
body; 

a drainage port cover disposed over the drain- 
age port; 

a sensor disposed at its distal end for measur- 
ing the selected biological parameter; 
a signal transmission device having a proximal 
end and a distal end, the transmission device 
being located within the tubular body, the distal 
end of the signal transmission device coupled 
to the sensor for transmitting sensor signals to 
the proximal end of the transmission device; 
a tensile member located within the body, the 
tensile member adapted to resist stretching of 
the body; 

a reduced diameter male catheter connectorlo- 
cated at the proximal end of the body and con- 
nected to the proximal end of the transmission 
device, the male catheter connector having a 
diameter that is no greater than the size of the 
subdermal tunnel, whereby the catheter con- 
nectormay be threaded into the entrance of the 
subdermal tunnel, through the length of the tun- 
nel, and out the exit of the tunnel. 

63. The ventricular catheter of claim 62 wherein the 
body includes a first lumen for containing the signal 
transmission device and a second lumen for the 
drainage of fluid, the second lumen including an 
opening adapted to receive a styist. 

64. The ventricular catheter of claim 63 wherein the 
second lumen terminates within. the body, and the 
opening is also adapted for receipt of a fluid con- 
nector to conduct fluid from the second lumen to a 
collection device. 

65. The ventricular catheter of claim 62 wherein the 
body includes a lumen adapted to contain the signal 
transmission device and a port tor the drainage of 
fluid, the port also being adapted to receive a stylet. 
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